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M iller, Andrew D ., M .S ., 2002 Health and Human Performance
Effects o f high intensity /  low volume and low intenâty /  high volume isokinetic 
reâstance exercise on post-exercise glucose tolerance
Director: Brent C. Ruby, P h .D /^
The purpose o f this study was to determine the effects o f high intensity/low volume 
(HELV) and low  intensity/high volume (L ÏH V ) isokinetic resistance exercise on post­
exercise glucose tolerance. Subjects (n =  10) performed two separate isokinetic 
resistance exercise trials (H IL V  and L IH V ) o f reciprocal concentric knee flexion and 
knee extension in a fasted state. Each bout was followed by a 45-min oral glucose 
(l.Sg-kg FFM '*) tolerance test (O G TT). Blood sangles were obtained every 15 min to 
determine glucose and insulin concentrations. There was no difference in total work (J) 
between the two trials (p =  .229). Blood glucose was significantly higher at all time 
points conq)ared to time 0 following the L IH V  trial (p < 0.05). Following the H IL V  trial, 
blood glucose was significantly elevated at 15 and 30 min (p < 0.05) but returned to 
resting values by 45 min Insulin concentration was significantly elevated following both 
trials at all time points (p < 0.05). Blood glucose and insulin were significantly higher 
fi)llowing the L IH V  at 30 and 45 min compared to the H IL V  trial (p < 0.05). These 
results demonstrate that although the total work output was similar across trials, h i^  
intensity muscle contraction is associated with an enhanced normalization o f glucose 
homeostaâs following a large post-exercise oral glucose feed.
u
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Chapter One: Introduction
Introduction
It has been well established the physiological benefits o f resistance training. 
In^rovements in muscular strength (Bailor et a l, 1996; Durak et a l, 1990; Geliebter et 
a l. Hurley et al., 1988; Marcinik et a l, 1991; M iller et a l, 1984; Snow-Harter et a l, 
1992) bone mineral density (Snow-Harter et a l, 1992), blood lipid profiles (Honkola et 
a l, 1997; Hurley et a l, 1988), and fat fi-ee mass (M iller et a l, 1984) are the most 
common benefits attributed to resistance training. Furthermore, resistance training has 
also been shown to maintain lean body weight under dieting conditions (Bryner et a l, 
1999), itqprove endurance performance (M arcinik et a l, 1991), and glycémie control 
(Durak et a l, 1990; Eriksson et a l, 1997; Honkola et a l, 1997; M iller et a l, 1984). 
Control o f blood glucose is the primary focus o f this study and is a major treatment goal 
in type I I  diabetics.
Several studies have demonstrated increased glucose uptake and subsequent muscle 
glycogen resynthesis following resistance exercise (Pascoe et a l, 1993; Roy et a l, 1997, 
Roy and Tamopolsky, 1998). The pathology behind type I I  diabetes involves both 
perq)heral insulin resistance and a decreased insulin secretion thus resulting in 
hyperglycemia. Resistance exercise would theoretically improve glucose metabolic 
profiles in type I I  diabetes patients. Eriksson et a l (1997) and Honkola et a l (1997) 
demonstrated inq>rovements in long-term glycémie control (glycosylated hemoglobin) 
following a circuit resistance training program in type I I  diabetics. In  addition, a study 
by Durak et a l (1990) showed improvemaits in glycémie control in type I  diabetics
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
following a reàstance training program. Other authors found a reduced plasma insulin 
response to glucose load following a resistance training program in normal subjects 
(Hurley et al., 1988; M iller et al. 1984). Thus, resistance exercise has benefits that would 
be applicable towards treatment o f type I I  diabetes. The mechanism responsible for 
improved glycémie control seems to be increased G LUT-4 transporter trandocation.
Review articles conducted by Barnard and Youngren (1992), Borghouts and Keizer 
(2000), and Hayashi et al. (1997) suggest that contraction can recruit G LUT-4 to the 
plasma membrane and transverse tubules independent o f insulin. Other studies using rats 
had similar findings (Constable et a l, 1988; Goodyear et a l, 1990; Ploug et a l 1997). In  
contrast, a few studies demonstrate decreased G LUT-4 protein content and insulin 
following eccentric exercise (Asp et a l, 1995; Asp et a l, 1996; Asp et a l, 1997). It  has 
been suggested that two distinct intracellular locations o f glucose transporters exist, one 
that responds to exercise and one that refonds to insulin (Brozinick et a l, 1994).
Several studies have investigated post-exercise glucose uptake immediately following 
endurance exercise (Bergstrom and Huhman, 1967; Blom et a l, 1987; Blom, 1989; Ivy et 
a l, 1988; Ivy et a l, 1988; MacDougaU et a l, 1977; Maehhun et a l, 1978; Reed et a l, 
1989; Zawadzki etal., 1992). Furthermore, studies by Bonen et a l (1998) and Young et 
a l (1989) conpared the effects o f intensity o f exercise on glucose uptake. Both o f the 
studies found no difference in glucose tolerance between the two intensities studied. In  
contrast, few studies have examined glucose uptake following resistance exercise (Pascoe 
et a l, 1993; Roy et al, 1997; Roy and Tamopolsky, 1998) where as to our knowledge.
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none have investigated the efiFect o f exercise intensity on glucose uptake. Further 
research is warranted in this area.
Problem
The purpose o f this study is to determine the effects o f high mtensity/low volume and 
low  intensity/high volume isokinetic resistance exercise on post-exercise glucose 
tolerance. The study w ill examine the change in blood glucose and insulin levels using 
an oral glucose tolerance test (O G TT) during a control session and immediately post­
exercise. The primary variables o f interest w ill be blood glucose and insulin levels post­
exercise.
Research Hypothesis
Hypothesis One
There w ill be an improved blood glucose and insulin req>onse post-exercise following the 
h i^  intensity /  low volume tria l
Significance of the Study
Several studies have examined the effect o f a resistance training program on glucose 
metabolism (Durak et a l, 1997; Eriksson et al., 1997, Honkola et al, 1997; Hurley et a l, 
1988; M iller et a l, 1984). Others have investigated the effect o f timing and mode o f 
supplementation post-exercise on muscle glycogen resynthesis (Pascoe et a l, 1993; Roy 
et a l, 1997; Roy and Tamopolsky, 1998). This w ill be the first study to compare glucose 
tolerance following resistance exercise o f different exercise intensities.
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Only two studies using cardiovascular endurance exercise have conq>ared glucose 
tolerance post-exercise. Each study demonstrated similar benefits o f high and low  
intensity exercise on glucose tolerance (Bonen et a l, 1998; Young et a l, 1989). Results 
o f this study may add to development o f guidelines for type I I  diabetics who w idi to 
increase muscular strength. Furthermore, it may aid individuals in choosing the amount 
o f supplement needed following a particular resistance training session.
Rationale for the Study
The conq)arison o f glucose tolerance following resistance exercise o f different intenâties 
is necessary for a more complete understanding o f the mechanisms that cause glucose 
uptake without insulin. Contraction stimulated G LUT-4 translocation appears to be the 
reason for enhanced glucose uptake following exercise. It  may be possible that the more 
intense the contraction, the h i^ e r the number o f G LUT-4 translocation. I f  this occurs, 
an increased glucose uptake without insulin would result. In addition to the acute effects 
o f resistance exercise on glucose tolerance. M iller et a l (1984) and Szczypaczewska et a l 
(1989) demonstrated the long-term effects o f resistance training where trained subjects 
had reduced insulin responses. Furthermore, Honkola et a l (1997) showed improvement 
m long-term glycémie control foUowmg a resistance training program in subjects with 
type n  diabetes. In  essence, it would be beneficial for type H diabetics to perform  
reâstance exercise at an intensity that results in the most inq)roved glucose tolerance.
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limitations
i / Non-randomized sample. The subjects in the study were not randomly selected, they 
were selected on the basis o f their previous weight training e^gerience.
ii/Instrumentation. As w ith most experimental research, there is an inherent error 
associated with the use o f equipment. This error w ill be minimized by using regularly 
calibrated equipment and properly trained researchers.
Delim itations
1/  Type o f subjects. The type o f subjects used for the study have had at least one year o f 
previous w e i^ t training experience. This was established to minimize soreness possibly 
resulting from the exercise trials and to enhance familiarization o f subjects with both the 
equ^ment and the exercise protocol Subjects w ith Type I  or Type I I  diabetes as w ell as 
bleeding disorders were excluded from the study.
a / Males only. Volunteer male subjects were used in this study. Males were selected so 
as to not encounter menstrual cycle variations in addition to other gender q>ecifrc issues.
Hi/ Age o f  subjects. The age o f subjects in the study ranged from 18-30 years o f age. 
This range was chosen for sinq)licity so as to factor out special populations.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
iv/ Specific exercise protocols. The low  intensity /  high volume and high intensity /  low  
volume exercise protocols were chosen to provide enough stimulus to deplete muscle 
glycogen stores and to replicate a typical exercise session for muscular strength and 
endurance in a fitness facility.
v / Specific exercise mode. Isokinetic resistance exercise w ill be the mode o f the exercise 
in this study. This was selected in order to quantify total work (J) between exercise trials 
and to keep the speed o f movement and range o f movement constant.
vi/ Specific exercise selection. Reciprocal concentric knee flexion and extension were 
chosen for this study. These exercises were chosen due to the large muscle mass o f the 
quadriceps and hamstring muscles used in the movement. Eccentric exercise was not 
selected as part o f the exercise mode due to its detrimental effects on glucose uptake and 
muscle glycogen resynthesis (Aq> et a l, 1995; Asp et a l, 1996; Asp et a l, 1997).
Definition of Terms
GLUT-4 transporters: one isoform o f transporter proteins present within the muscle cell. 
These translocate fi’om the interior to the outer membrane o f the nmscle cell resulting in 
an increase in glucose transport.
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Isokinetic exercise: a method that relies on the use o f a machine to control the q)eed o f 
movement over a range o f movement. The device enables the control o f angular velocity 
with a reaction force throu^out the fiiU joint range o f motion.
Oral glucose tolerance test (OGTT): involves orally ingesting some type o f glucose 
solution to examine glucose kinetics.
Type IIdiabetes (Non-insulin dependent or adult onset): a chronic metabolic disease 
characterized by peripheral and hepatic insulin resistance as w ell as mpaired insulin 
secretion.
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Chapter Two; Review of L iterature  
Cardiovascular endurance studies on glucose tolerance and glycogen resynthesis 
The inçortance o f exercise and post-exercise supplementation has gained significant 
popularity in both the general and athletic populations. A  large majority o f previous 
research focuses on the use o f post-exercise carbohydrate supplements. It is through this 
carbohydrate supplementation that muscle glycogen resynthesis is enhanced and permits 
the muscular system to be in an anabolic state.
Maehhun and Herman sen (1978) demonstrated the effect o f a 12-hour fiist following 
muscle glycogen depleting exercise. Following an initial fast (12-14 hours), subjects 
(n=5) exercised at 70%  VO->— until exhaustion, which was again followed by a 12-hour 
6st. Muscle biopsies and blood sanq>les were collected at 2, 4, 6, 9 and 12 hours into 
recovery. No change in immunoreactive insulin or plasma glucose concentrations 
occurred throughout the recovery period. However, muscle glycogen increased during 
the first 4 hours o f recovery and then remained the same during the next 8 hours.
MacDougaU et aL (1977) examined the time course for muscle glycogen repletion 
foUowmg high-intensity intermittent exercise (140%  VO-.— ) on a cycle ergometer.
Muscle biopsies were conducted at rest, immediately post-exerdse and at 2, 5 ,1 2 , and 24 
hours after exercise. Subjects consumed identical lunch and supper diets foUowing the 2- 
hour biopsy where 3 o f the subjects consumed an additional carbohydrate supplement 
(357 g). Glycogen resynthesis was most rapid over the first 5 hours after exercise and
8
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after 24 hours all subjects had regained or exceeded their pre-exercise values for muscle 
glycogen concentration. No differences were found in the rates o f muscle glycogen 
repletion between the carbohydrate-loaded subjects and those on the normal mixed diet.
Maehlum et aL (1978) investigated splanchnic glucose output and muscle glycogen 
concentration following two bouts o f exhaustive bicycle exercise. Six subjects exercised 
in the morning prior to glucose ingestion where five subjects performed the identical 
exercise protocol 14-15 hours before glucose administration. Splanchnic glucose output 
increased to values 50-300%  greater than in controls for the exercised groups. No 
differences were found in average rates o f muscle glycogen syntheâs between the 
exercised groups.
Blom (1989) conq)ared post-exercise muscle glycogen synthesis after oral and 
intravenous glucose administration. In  the first series (O G ), 1.4, 0.7, and 0.7 g/kg body 
mass were given in oral loads at 0, 1, and 2 hours o f a 3-hour post-exercise observation 
period. In the second series (G C ), the glucose clamp technique was used to obtain the 
same plasma glucose concentration at all time points as in the OG series. The results 
showed no difference in plasma glucose concentrations and muscle glycogen synthesis 
between the two groups. In  contrast, plasma insulin concentration and arterial-femoral 
venous plasma glucose concentration difference were significantly different between the 
two experiments (p < 0.001).
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A  study conducted by Bonen et aL (1998) utilized methodology similar to ours. The 
author’s investigated the effects o f low and h i^  intensity (60%  and 83% o f age-adjusted 
maximal heart rates) endurance exercise on glucose tolerance immediately and 24 hours 
post-exercise. Oral glucose tolerance tests (75 g) were conducted during a 6sted 
condition and immediately and 24 hours after each exercise condition. Incremental 
glucose areas under the curve immediately after exercise were reduced by 16% and 14%  
for the low and high intensity exercise conditions respectively. A  further reduction o f 30 
and 35% in incremental glucose areas under the curve occurred following the low- and 
high-intensity exercise conditions at 24 hours post-exercise. No differences in OGTT 
responses were found between the two exercise intenâties at either time point.
Young et a l (1989) evaluated the reâdual effects o f high and low intensity exercise on 
glucose tolerance and insulin response. Two groups o f seven (n=14) subjects were tested 
under three conditions, control, exercise at 40%  VOzm», and exercise at 80% V O ^ . In  
the morning, 14 hours post-exercise, an O G TT was conducted following each test. Areas 
under the glucose concentration curve did not differ between trained and untrained 
subjects and was not affected by the exercise intensity. Insulin areas under the curve 
were similar for all conditions in the trained subjects where in the untrained, a 30 and 
45%  reduction in insulin areas under the curve occurred the day after exercise at 40 and 
80% VOzmm respectively.
10
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These studies demonstrate the beneficial effects o f cardiovascular endurance exercise on 
blood glucose and insulin. In  addition, they provide evidence towards the need for some 
form o f carbohydrate supplementation post-exercise.
Studies on the mode, tim ing, and type of carbohydrate adm inistration
Numerous studies have attempted to determine the optimal method for increasing muscle 
glycogen stores following exercise. The majority o f the scientific literature has utilized 
an overnight or 12-hour fast plus endurance exercise to deplete muscle glycogen stores in 
order to answer this question. Post-exercise carbohydrate supplementation seems to be 
the most effective method for enhancing muscle glycogen resyntheâs
Blom et aL (1987) conq>ared the effects o f different amounts o f glucose loads as w ell as 
sucrose and fructose loads on glycogen resynthesis following bicycle ergometer exercise. 
Subjects (n=27) were divided into five groups where they ingested 0.35, 0.7, or 1.4 g/kg 
body weight o f glucose or 0.7g/kg o f sucrose or fructose orally at 0, 2, and 4 hours post­
exercise. Results o f the study demonstrate higher muscle glycogen resynthesis when 
glucose dosages o f 0.7 or 1.4g/kg body weight are consumed compared to 0.35g/kg. 
However, no difference was found in muscle glycogen syntheas rates between the two 
larger doses o f 0.7 and 1.4g/kg. Furthermore, both glucose and sucrose ingestion, at .7 
g/kg, had a significantly stronger effect on muscle glycogen resyntheâs than fiuctose.
Ivy et a l (1988) performed a similar study to Blom’s where he examined post-exercise 
muscle glycogen storage rates after ingestion o f a glucose polymer solution amounting to
11
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1.5 or 3.0g/kg body weight. Either carbohydrate supplement was inge^ed immediately 
and 2 hours post-exercise. No additional benefit was found in regards to glycogen 
storage rates when the amount o f carbohydrate supplement was doubled firom 1.5 to 
3.0g/kg body weight. However, ingestion o f 1.5g glucose/kg does elevate glycogen 
storage rates i f  the supplement is provided immediately and at 2-hour intervals following 
exercise.
Bergstrom and Hultman (1967) conducted one o f the earlier studies examining post­
exercise resynthesis o f muscle glycogen through administration o f glucose or finctose 
infiision. Two exercised and two non-exercised groups served as subjects where 4g/kg 
body weight o f glucose or finctose were infiised post-exercise or after a resting (control) 
condition. No differences in muscle glycogen were found in subjects who had not 
exercised before infusion o f both glucose and finctose. However, resynthesis o f muscle 
glycogen was significantly higher after infusion o f glucose in exercised subjects than 
after fiuctose infusion.
A  study conducted by Reed et aL (1989) compared muscle glycogen storage post­
exercise using liquid or solid carbohydrate feedings, or an intravenous glucose infusion. 
Subjects (n=8) received one o f the three treatments in random order following a 2-hour 
exercise session for a 4-hour recovery period. Differences in post-exercise plasma 
insulin and glucose responses were found between the three treatments however no 
differences in muscle glycogen storage rates were found during the first or second 2 
hours o f recovery.
12
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Ivy et aL (1988) conducted another study on the efiFect o f timing o f ingestion o f a 
carbohydrate supplement post-exercise on the rate o f muscle glycogen synthesis.
Subjects (n = I2 ) ingested 2g/kg body w e i^ t o f a glucose polymer solution immediately 
after or 2 hours after 70 minutes o f cycle ergometry exercise. Results o f the study 
demonstrate a 45% slower rate o f muscle glycogen storage in the group who ingested the 
carbohydrate supplement 2 hours post-exercise.
Zawadzki et aL (1992) examined dififerences in muscle glycogen storage rates between 
carbohydrate, carbohydrate-protein, and protein supplementation following endurance 
exercise. Nine trained male cyclists received a supplement containing 112.0g 
carbohydrate, 40.7g protein, or 112.0g carbohydrate and 40.7g protein on three random 
experiments immediately and 2 hours after riding on a cycle ergometer. Plasma glucose 
and insulin responses as w ell as muscle glycogen storage rates were collected during the 
4-hour recovery period. In the recovery period, the plasma glucose response following 
the carbohydrate treatment was âgniftcantly higher than the other two treatments where 
the plasma insulin response for the carbohydrate-protein treatment was higher. 
Furthermore, muscle glycogen storage rates for the carbohydrate-protein treatment were 
38% faster than the carbohydrate treatment.
In contrast to the findings o f Zawadsld et aL (1992), Roy and Tamopolsky (1998) found 
similar rates o f muscle glycogen resynthesis post-exercise after consunq>tion o f an 
isoenergetic carbohydrate (C H O ) or carbohydrate/protein/fat (CHO /Pro/fat) formula.
13
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Subjects (n=10) ingested either formula or a placebo following resistance exercise. 
Results demonstrated no dififerences m glucose and insulin areas under the curve or rates 
o f muscle glycogen resynthesis between the CHO or CHO/Pro/fat trials. However, both 
trials were significantly greater for glucose and msuhn areas under the curve and muscle 
glycogen resyntheris than the placebo tria l
Roy et al. (1997) investigated the effects o f carbohydrate supplementation immediately 
after reàstance exercise on protein metabolism. Subjects (n=8) consumed a placebo or 
carbohydrate supplement (Ig /k g  body w e i^ t) immediately and 1-hour post-exercise. 
Total areas under the insulin and glucose curves were significantly higher fi>r the 
carbohydrate conq>ared to the placebo condition. Furthermore, carbohydrate 
supplementation post-exercise was found to promote a more positive body protein 
balance.
Altogether, a review article by Friedman et a l (1991), discusses factors including the 
mode, timing, and amount o f carbohydrate needed post-exercise. Following moderate 
intensity exercise, corrq)lete muscle glycogen synthesis generally occurs within 24 hours 
i f  approximately 500 to 700g o f carbohydrate are provided. Resyntheris o f muscle 
glycogen is fiistest during the first 2 hours post-exercise where ingestion o f 0.7g 
ghicose/kg body weight every 2 hours appears to maximize the resynthesis rate during 
the first 4 to 6 hours. Ingestion o f greater amounts o f glucose does not provide any 
additional benefit towards muscle glycogen resynthesis. In  regards to the mode o f 
carbohydrate, glucose or sucrose ingestion enhances muscle glycogen resynthesis rates
14
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more than fructose. Furthermore, ingestion o f aniple carbohydrate con^ared to complex 
increases muscle glycogen content more during the first 4 to 6 hours post-exerdse.
Resistance training studies on ^ucose tolerance and glycogen resynthesis 
It  has been demonstrated that the effects o f resistance training on one’s metabolic profile 
are similar to those produced by cardiovascular endurance exercise. Inq)rovements in 
glucose tolerance and insulin action as a result o f resistance training appear to be 
independent o f changes in VO  body con^osition, and body fat distribution.
M iller et aL (1984) investigated glucose tolerance and glucose-stimulated insulin 
responses before and after 10 weeks o f isotonic reàstance training. Glucose and insulin 
response areas under the curve were calculated following a standard lOOg oral glucose 
challenge. The strength training program resulted in a significant increase in lean body 
mass (3.5% ), however, no differences were found in the area under the glucose curve pre- 
to post-training. In  contrast, a significant reduction (18.9% ) in the area under the rnsuUn 
response curve did occur post-training.
Pascoe et aL (1993) had untrained subjects (n=8) perform two high-intensity resistance 
exercise trials to examine muscle glycogen resynthesis rates. Subjects ingested either 
water or carbohydrate (1.4 g/kg body w e i^ t) following each triaL Muscle glycogen 
content was restored to 91% o f pre-exercise levels after 6 hours or recovery Wien 
carbohydrate was administered. In contrast, muscle glycogen content without caloric 
consunqition was restored to 75% although the level o f depletion was 71%.
15
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A  study by Szczypaczewska et aL (1989) con^ared blood glucose and insulin responses 
from  a fasted lOOg OGTT in body builders, lean untrained subjects (controls), and mildly 
obese men with a lean body mass similar to the body builders. Blood sampling for 
glucose and insulin concentrations were taken 30, 60, 90, and 120 minutes after the 
ingestion o f glucose. The sum o f glucose concentrations (30 to 120 min) were 
âgnifrcantly lower in body builders conq>ared to controls. M  contrast, the sum o f plasma 
insulin concentrations in obese subjects was signiGcantly greater than that in the controls.
M iller et al. (1994) tested previously sedentary 50- to 65- year old m ai (n = l 1) using an 
O G TT following 16 weeks o f strength training. Post-training, the group as a whole had 
no differences in fasting plasma glucose levels or glucose levels during an OGTT. In  
contrast, both frsting plasma insulin levels and insulin levels during the OGTT were 
significantly lower post-training.
Hernandez et aL (2000) measured the rates o f protein synthesis and glucose uptake after 
acute resistance exercise in male Sprague-Dawley rats. Rates o f protein synthesis and 
glucose uptake were studied in vivo 1, 3, 6, 12 and 24 hours after reastance exercise 
(n=7) or in a control group (n=7). Glucose uptake initially decreased at 3 hours after 
exercise and then increased at 6 hours vsfrere protein synthesis did not change for at least 
6 hours after exercise. Furthermore, both protein synthesis and glucose uptake were 
elevated at 12 hours but only protein synthesis was elevated at 24 hours post-exercise.
16
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In 2002, Hurlbut et al. conducted a conç>arison study on young men (n=12) and women 
(n=9) and older men (n=12) and women (n=9) following 6 months o f strength training.
An O G TT was conducted pre-training and 24 hours after the last training session. No 
differences were found in fasting glucose or areas under the glucose curve pre- to post­
training for men and women. However, higher glucose areas were noted for older 
women after training. In contrast, the strength training program resulted in reduced 
fasting insulin concentrations in both young and older men. Also, young men had a 
signiGcant (21% ) reduction in total insulin area under the curve where there was a trend 
towards significance (11% ) in older men. No improvement in insulin responses were 
found for young or older women.
The primary effect o f resistance exercise on glucose homeostaâs appears to lead towards 
improved insulin sensitivity as opposed to glucose tolerance. It is evident that muscle 
contraction /  exercise, as demonstrated by previous research in cardiovascular endurance 
and resistance exercise, is the mechanism by which one's metabolic profile is improved.
G LU T-4 transporter role
It has been demonstrated that the rate-lim iting step in glucose metabolism is mediated by 
G LUT-4 transporter proteins. The increased glucose uptake involves the translocation o f 
the G LUT-4 tranq)orter fi'om an intracellular location to the cell surfttce. Previous 
research has shown that two distinct pools o f G LU T-4 transporters exist in skeletal 
muscle, one sensitive to insulin, and one sensitive to muscle contraction /  exercise 
(Brozinick et al. 1994 and Etgen et aL 1997). Authors Brozinick et aL (1994) and Etgen
17
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et a l (1997) demonstrated that insulin plus contraction increased glucose uptake above 
that o f insulin or contraction alone. In  contrast. Constable et a l (1988) and Goodyear et 
a l (1990) and found that the effects o f insulin and contraction to increase muscle glucose 
tranq)ort are not additive. However, Constable et a l (1988) may have used a 
nonphysiologicaUy high concentration o f insulin (20,000 |iU /m l) to study in vivo actions 
o f insulin.
Previous research on rats examined the effects o f eccentric contractions on G LUT-4 
protein content and insulin action (Asp et a l 1995, Asp et a l 1996, Asp et a l 1997). One 
o f the studies demonstrated a decreased G LUT-4 protein and glycogen concentration 
content following eccentric exercise in white and red gastrocnemius muscles conq)ared to 
controls (Asp et a l 1995). In another study using eccentric contractions, the authors 
demonstrated an inq>aired insulin-stimulated glucose transport at maximal insulin 
concentrations (Asp et al 1996). Finally, the authors added to their previous findings 
using the conscious rat and demonstrated impaired insulin action on local muscle glucose 
uptake and glycogen synthesis. Thus, it is evident that eccentric contractions impair the 
ability o f G LUT-4 transporter proteins to increase glucose uptake and subsequent muscle 
glycogen resynthesis.
Although it has hem demonstrated the effects o f exercise /  muscle contraction on G LU T- 
4 transporter proteins, the mechanism by which glucose uptake is enhanced remains 
unclear. Review articles by Hayashi et a l (1997) and Ryder et a l (2001) identify 
possible mechanisms by which muscle contraction may activate glucose transport. These
18
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mechanisms appear to involve the initiation o f a contraction signal. Possible reasons for 
this initiation could include; release o f calcium, activation o f AMP-activated protein 
kinase, and nitric oxide activity.
Effects o f exercise train ing on diabetes m ellitus
Both cardiovascular and resistance exercise have shown to inqirove the metabolic profile 
o f both diabetic and non-diabetic subjects. It is evident that the most likely mechanism 
for this in^rovement is a result o f contraction induced G LU T-4 transporter translocatioru 
Specifically, the pathology behind type I I  diabetes involves both peripheral insulin 
resistance and a decreased insulin secretion thus resulting in hyperglycemia. Thus the 
use o f resistance exercise would be a major treatment goal for type I I  diabetics.
Maehlum (1978) examined post-exercise muscle glycogen repletion in non-diabetic and 
diabetic subjects. Subjects bicycled at 60 to 70% ofVO ?_, until exhaustion which was 
immediately followed by infiisdon o f 0.5g glucose/kg body weight. Muscle biopsies and 
blood samples were taken before and after exercise at various time points. No 
differences in muscle glycogen content or glycogen synthesis rate occurred between the 
two groups. However, both the diabetic and non-diabetic subjects significantly increased 
muscle glycogen content 65 minutes afi:er the glucose infusion in the post-exercise 
recovery period.
Allenberg et a l (1988) investigated the effects o f endurance exercise training on 
glucohomeostaâs in subjects with type I I  diabetes mellitus. Seven middle-aged men
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performed bicycle exercise 3 days per week for a minimum o f 10 weeks. Prior to the 
training period and 72 hours after the last training session, subjects underwent an OGTT 
(75g glucose solution). Results o f the study demonstrate that training did not change 
glucose and insulin areas under the curve, 6 sting blood glucose, or levels o f glycosylated 
hemoglobin.
A  study by Braun et a l (1995) conq>ared the efiects o f several bouts o f low (50%  VOzm^)
and high intensity (75%  VO , ) exercise on insulin sensitivity. The duration o f exercise
was adjusted to make energy expenditure equal in both exercise conditions. Eight obese 
women with N ID D M  served as subjects, hisulin sensitivity during a ghicose^sulin 
inftision was increased after exercise compared to a non-exercise condition however no 
dififermces in post-exercise insulin sensitivity occurred between low and high intensity 
exercise.
Eriksson et a l (1997) investigated the efiects o f circuit resistance training on long-term  
glycémie control in subjects w ith non-insuhn diabetes mellitus. Glycosylated 
hemoglobin Aic (HbAic) along with other chnical and metabolic parameters were 
assessed prior to and 5 to 7 days after 3 months o f circuit reristance training. Results o f 
the study demonstrated improvement in long-term glycémie control where HbAic fell 
fi'om 8.8 to 8.2%  (p<0.05). Furthermore, there was a strong negative correlation (r =  - 
0.73; p<0.05) between total knee extensor cross-sectional area and HbAic compared to  
baseline (r =  -0.58;p  =  0.13).
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A  sknikT study by Honkola et aL (1997) also examined long-term glycaemic (HbAic) in 
type n  diabetics. Differences between this study and Eriksson’s (1997) were the 
inclusion o f a control group and the circuit resistance training program was extended to 5 
months. In  contrast to Eriksson’s findings, result showed an improvement m total 
cholesterol (12% ), LDL-cholesterol (14% ), and triglycerides (20% ). Glycosylated 
haemoglobin Aic was not different from pre- to post-training in the intervention group 
vÆere there was a significant difference in the change o f HbAic (0.5% ) between groups.
Fluckey et a l (1994) investigated glucose and insulin réponses 18 hours after a single 
bout o f resistance exercise in young control subjects (n=7), older patients w ith N ID D M  
(n=7), and older age-matched control subjects (n=3). A  75g OGTT was administered 
first as a control tria l (pre-exercise) and then 18 hours post-exercise. For glucose area 
under the curve, no differences were found fi"om pre- to post-exercise in all groups. 
However, the insulin area under the curve response post-exercise was significantly lower 
in the young control and N ID D M  groups where there was no change in the age-matched 
controls.
A  study by Smutok et a l (1994) corrqpared the effects o f 20 weeks o f strength training, 
aerobic training, or no exercise on men with either non-insulin-dependent diabetes 
mellitus (n=8), impaired glucose tolerance (n=12), or hyperinsulinemia with normal 
glucose tolerance (n=6). Two O G TT’s were conducted pre- and post-training and 
demonstrated decreased plasma glucose and insulin areas under the OGTT curve 
following both strength and aerobic training. N o changes were observed in the control
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group. In  addition, there were no significant diSerences in OGTT results between the 
strength and aerobic training groups.
Durak et aL (1990) studied the effects o f 10 weeks o f resistance training on gjycemic 
control in type I  diabetic men (n=8). Following the training program, glycosylated 
hemoglobin dropped 1.1% from pre-training levels. In addition, self-monitored blood 
glucose values taken before and after each training session showed a decrease from 7.85 
±  3.13 to 7.05 +  2.91m M  (p =  0.0001).
As demonstrated by previous research, both resistance and aerobic exercise provide 
beneficial effects ft)r type I I  diabetics. These effects include: improved glucose tolerance 
and insulin sensitivity and possibly decreased frsting plasma glucose and insulin levels.
In essence, the prescrçtion ofreâstance and/or aerobic exercise for a person with type I I  
diabetes would be a significant treatment modality.
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Chapter Three; Methodology
Setting
A ll physiological testing was conducted in the Outpatient Physical Therapy Clinic, St. 
Patrick Hospital and Health Sciences Center, the Human Performance Laboratory, 
Department o f Health and Human Performance, M cG ill Hall #121, and the 
Pharmaceutical Sciences Research Lab # 61, Skaggs Building.
Subjects
A  total o f 10 college-aged males served as subjects for the study. Each subject had at 
least one year o f recreational reâstance training e?q>erience and had currently been 
involved in a resistance-training program for a minimum o f one month. Questionnaires 
regarding subjects’ previous resistance training experience, medical history, and phyâcal 
activity levels were assessed before testing could occur. Subjects with Type I  or Type H  
diabetes or bleeding disorders were excluded from the study. In  addition, each subject 
conq>leted a University o f Montana IRB-approved informed consent form prior to  
particqration.
Descriptive Data
Data was collected to determine each subject’s height, weight, age, body conqrosition, 
and previous resistance training experience. Height (cm) was determined using a 
conventional stadiometer vsfrere weight was measured with a calibrated digital scale 
(Toledo Model 8139, Worthington, O H ). Body composition, fàt mass (F M ), and fat free
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mass (FFM ) was assessed by hydrostatic weighing. Residual hmg volume was calculated 
uang a Helium dilution technique. Percent body fiit was calculated from body 
denâty using the Siri equation (1961).
Exercise Testing
A ll muscle testing was performed using the Kinetic Communicator (K IN -C O M , Chattecx 
Corp. Chattanooga, T N ), a conq>uter controlled isokinetic dynamometer.
Average Peak Force Test
Each subject participated in a session to determine each subjects Average Peak Force (N ) 
during isokinetic movements at speeds o f 60® and 180®/sec th ro u ^  a range o f 80® (knee 
extension through flexion). Prior to testing, subjects were allowed to warm up on a cycle 
erogmeter at a self selected pace for as long as they desired but for a minimum o f 5 
minutes. Goniometry was used to acquire the desired range o f motion. Subjects 
performed the Average Peak Force test first at 60®/sec then at 180®/sec. On both 
extremities, subjects performed 2 sets o f 5 and 1 set o f 3 repetitions: one set at 
approximately 50% o f maximal effort, one set at approximately 75% o f maximal effort, 
and the final set at 100% o f maximal effort. Subjects were allowed fidl recovery between 
sets. For the speeds o f 60°/sec and 180°/sec, the Average Peak Force (N ) o f the final set 
was used as the Average Peak Force. For data anatyds the absolute Average Peak Force 
for each subject was converted into a relative value by dividing the Average Peak Force 
by their FFM .
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C ontrol T ria l (C T )
Procedures for this trial involved subjects resting in the supine position for the duration o f 
the O G TT. Subjects were allowed to read, listen to music, or watch a video during this 
time.
H igh intensity/low  vcdume exercise tria l (H 1L.V)
This trial condsted o f subjects performing 10 sets o f 5 repetitions o f concentric knee 
extension /  knee flexion exercise. Prior to the trial, subjects were allowed to warm up on 
a cycle ergometer at a self selected pace for 5 minutes. One repetition was conddered a 
fid l concentric extendon and concentric flexion o f the knee joint within a range o f 80®. 
Speed o f the motion was set at 60®/sec w ith 2-minute rest intervals between sets.
Subjects corrqileted 5 sets on each extremity in an alternating manner until 10 sets was 
reached, ^proxim ately 4-5 minutes was permitted when alternating extremities.
Selection o f the extremity to perform the exercise first was done randomly. Total work in 
joules ( J) was provided by the K IN -C O M  after conq)letion o f each set and the sum was 
calculated manually to quantify total work (J) for the entire sesdon. In addition, the 
Mean Peak Force fi'om each set was averaged to determine the Mean Peak Force for the 
entire sesdon for knee extendon and flexion on both extremities. For data analyds the 
absolute Mean Peak Force for each subject was converted into a rektive value by 
dividing the Mean Peak Force by their FFM .
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Low intensity/high volume exercise trial (LlHV)
This tria l has identical consonants as the HQDLV trial w ith the following exceptions. 
Subjects would perform 4 sets o f 15 concentric knee extension /  knee flexion exercise. 
Speed o f the motion was set at 180°/sec w ith 2-minute rest intervals between sets and 4 
to 5 minutes when alternating extremities. Other requirements for this trial are the same 
as the H IL V  tria l
Order of the trials
The control trial was conducted prior to the HDLV and L IH V  trials vriiich were done at 
least 4 days apart in random order. Subjects were not allowed to engage in any strenuous 
exercise 24 hours prior to any o f the three trials. The Average Peak Force trial was 
conducted at any time prior to , in between, or after as long as it was not within 24 hours 
o f any o f the three trials. Strenuous exercise includes: resistance exercise, running, 
staircliming, biking, high intenaty walking, or any other form o f exercise causing a 
modest elevation in heart rate. The total work fi'om either the H IL V  or L IH V  trial, 
whichever was performed first, was used as a stopping point for the following tria l to be 
con^leted. This was done to normalize the total work between trials.
Oral Glucose Tderance Test’s (OGTT)
Each subject received three OG TT throughout the duration o f the study. The first test 
was performed m a resting condition following a 12-hour overnight fast which served as 
a control trial (C T). Blood sangles were taken at time =  0 and every 15 minutes 
thereafter following consumption o f a standard glucose drink (I.8g /kg /FFM ). The second 
and third OGTT were conducted following the H IL V  and L IH V  exercise trials. Subjects
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reported to the lab following a 12-hour overnight fast. An indwelling venous catheter 
was then inserted into an antecubital vein for the pre-trial blood sanq)le. Each subject 
was then transported to the Outpatient Physical Therapy Clinic to complete one o f the 
two exercise trials in random order. Each exercise tria l was immediately followed by the 
same OGTT procedures as the control tria l
Blood sampling
A ll blood sarqples were obtained through antecubital venq)uncture. Sanqiles (~5 m L) 
were collected in test tubes and allowed to clot for at least 15 minutes at room  
tençerature. Sandies were spun at approximately 4000 rpm at 4®C for 15 minutes where 
after the plasma was separated fi'om the whole blood. Samples were removed and stored 
at -30®C until subsequent analysis.
Metabolite assays
Blood glucose concentration was determined in duplicate using a spectrophotometric 
technique u ^ g  a commercially available Idt (Procedure U V -47, Sigma Diagnostics, St. 
Louis, M O ). Blood insulin was determined in duplicate using a solid phase tw o-âte 
enzyme immunoassay (D R G  Insulin ELISA , DRG  International, Inc., USA).
Research design and statistical procedures
A ll descriptive data for subjects was presented in terms o f mean ±  SD. A  Bland Altman 
Plot and paired sangles t-test was used to compare total work (J) between the H IL V  and 
L IH V  trials. A  paired sangles t-test was also used to compare Mean Peak Force (N /FFM
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(kg )) and Average Peak Force (N /FFM  (kg) between the two trials. A  repeated measures 
2 x 4  design A N O VA  was used to examine differmces in times 0, 15, 30, and 45 minutes 
post-exercise. A ll data analyses were conducted using Microsoft Excel and the 
SuperAnova statistical package (Abacus Inc, Berkeley, CA). The level o f significance 
was set at an alpha level o f 0.05.
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Chapter Four: Results
Results
Descriptive statistics including age (years), height (cm ), weight (kg), percent body fat, fet 
free mass (kg), fàt mass (kg) and g o f carbohydrate (C H O ) consumed for the subjects 
used in the study are provided in Table 1. Average Peak Force (N /FFM  (kg)) and Mean 
Peak Force (N /FFM  (kg )) are provided in Table 2. For both Average Peak Force and 
Mean Peak Force no significant difference was found between the left and right sides, 
therefore the data was collapsed and is reported by muscle group only. For the Average 
Peak Force test, significant differences were found between the two intensities (60 
deg/sec and 180 deg/sec) for the knee extensors and knee flexors (p < 0.05). Significant 
differences were found for Mean Peak Force between the L IH V  and H IL V  trials for knee 
extension, but not for flexion o f either extremity (p < 0.05).
The total work (J) conq>leted for the L IH V  and HDLV trials is provided in Table 3. Total 
work for the L IH V  and H IL V  trials was 25784.3 ±  4320.6 J and 25882.1 ±  4439.4 J 
respectively. The difference in total work between the two trials was not rignificant (p =
0.229). Figure 3 is a Bland Altman Plot showing the difference in total work versus the 
average total work for both trials. 90%  o f subjects had less than 1% differaice in total 
work between the L IH V  and H IL V  trials. The remaining 10% had less than 3%  
difference between trials.
Figures 1 and 2 demonstrate the blood glucose and insulin responses respectively for the 
time points 0 ,1 5 , 30, and 45 min post-exercise. A  significant time x trial interaction was
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foimd for both blood glucose (p =  .03) and insulin (p= .01). Blood glucose was 
significantly higher from time =  0 at all time points during the L IH V  tria l (p < 0.05). 
During the H IL V  trial, blood glucose was significantly elevated firom time =  0 at 15 and 
30 min (p <  0.05). Insulin concentration was significantly elevated fi'om time =  0 mm at 
all time points for both trials (p < 0.05). Blood glucose and insulin were significantly 
h i^ e r during the L IH V  at time =  30 and 45 nun con^ared to the H IL V  trial (p < 0.05).
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Chapter Five: Discussion
Discussion
The purpose o f this investigation was to determine the effects o f high and low intensity 
resistance exercise on post-exercise glucose tolerance when the total muscle work was 
kept constant. Results o f the study demonstrate an enhanced normalization o f blood 
glucose and insulin following the HDLV tria l This is o f significance considering the 
similarity in total work betwemi trials (see Figure 3). The H IL V  trial was designed to  
mirror the common prescription for the development o f muscular strength including less 
than 6 repetitions per set performed at a slower q>eed.
The only previous research examining the effects o f exercise intensity on glucose 
tolerance and insulin responses has used an endurance exercise protocol (11, 12,44).
One study found no differences between intensities in glucose and insulin areas under the 
curve both immediately after exercise and 24-hours post-exercise (11). A  posrible 
limitation to this study is that the authors had subjects exercise at intensities o f 60 and 
83% o f age-adjusted HRmax for the low and high intensity exercise trials. The variance 
associated with prescribing cardiovascular exercise fi'om heart rates is considerable (1 
S.D. =  10-12 b/mbi) (1). In  addition, the high intensity session was performed one week 
prior to the low intensity session thus possibly causing a residual effect o f the previous 
exercise session.
A  study by Young et a l (44) used trained and non-trained subjects and found no 
differences in plasma glucose and insulin responses to an oral glucose load 14 hours post-
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exercise at intensities o f 40 and 80% o fV O ^^ . However, after a single bout o f exercise, 
the non-trained subjects had comparable insulin responses to the trained subjects. Braun 
et aL (12) had women with non-insulin-dependent diabetes mellitus (NEDDM ) exercise at 
50 and 75%  ofVO?__ and adjusted the duration o f exercise so that energy expenditure 
was equal in both exercise conditions. No differences were found vÆen comparing 
plasma glucose and insulin responses to a test meal (50%  carbohydrate, 20% protein, and 
30% ftit) 90 min post-exercise.
It  has been demonstrated that exercise/muscle contraction mediated glucose transport is 
proportionate to the magnitude o f G LU T-4 translocation to the plasma membrane. Some 
studies have shown that insulin plus contraction increases glucose uptake above that o f 
insulin or contraction alone (13, 22, 34) whereas others have not (15, 21). However, 
Constable et aL (15) used a nonphysiologjcal high insulin concentration (20,000 pU/nd 
for 60 min) to elucidate the actions o f insulin. The mechanism by which muscle 
contraction may activate glucose transport appears to involve the initiation o f a 
contraction signaL Possible reasons for this initiation could include: release o f calcium, 
activation o f AMP-activated protein kinase, and nitric oxide activity (23, 39). An 
explanation for the improved glucose tolerance and insulin réponse following the H IL V  
trial could be the magnitude o f muscle contraction involved. During the H IL V  exercise 
trial the subjects were working their knee extensors at an intensity that was âgniftcantly 
greater than during the L IH V  exercise triaL Interestingly, there was no significant 
difference in the work intensity o f the knee flexors between the HELV and L IH V  exercise 
trials (see Table 2). Thus, the magnitude o f contraction o f the knee extensors that
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occurred may result in a greater G LUT-4 translocation and subsequent glucose transport. 
These data indicate that the intensity o f contraction is more influential on glucose 
normalization in conq>arison to the total muscle work. In  addition, a possible link may 
exist between fest glycolytic fibers and subsequent G LUT-4 translocation. Thus, the 
inq)rovement in glucose homeostasis shown may be a resuh o f higher intensity 
contractile force and/or increased fast glycolytic fiber recruitment.
A  possible limitation to the study may have been the duration o f exercise and rest for 
each trial. Total exercise and rest time for the H IL V  trial was 3.8 ±  0,8 and 46.0 ±  7.9 
min respectively vÆere total exercise and rest time for the L IH V  tria l was 2.1 ±  0.4 and 
22.8 ±  4.4 min respectively. The diflerence between the two trials was due to a higher 
number o f sets and rest periods associated with the H IL V  tria l
The study may have inoplications towards individuals with insulin resistance or 
deficiency such as is the case with Type I I  diabetes. Resistance exercise has already been 
shown to inq)rove the metabolic profile through either inq)roved glucose tolerance and/or 
insulin response in people with Type I  (16) or Type H diabetes (17, 19, 24, 41). These 
results demonstrate both inq)roved glucose tolerance and insulin response following a 
resistance exercise bout similar to the standard for strength development. Therefore, the 
benefits o f higher intensity and lower volume exercise should receive further attention. 
The effects o f fiist glycolytic fiber recruitment strategies ^ould also be investigated in 
terms o f the potential to maximize G LU T-4 translocation. In addition, the link between 
total fiber recruitment and/or fiber type recruitment and G LU T-4 translocation should be
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addressed. Interestiiigly, these results conflict w ith the guidelines set by the American 
College o f Sports Medicine, which recommends performing resistance exercise in the 
range o f 8 to 12 repetitions (1 ). Furthermore, these data suggest that decisions regarding 
the amount o f post-exercise carbohydrate supplement are dependent on the nature o f the 
reâstance exercise bout (h i^  vs. low  intensity) during strength training.
In concluaon, to our knowledge this is the first study to examine blood glucose and 
insulin levels following two different resistance exercise trials when the total work 
between the two trials was kept constant. The results demonstrate a more rapid blood 
glucose normalization in addition to a blunted insulin response following a bout o f high 
intenâty /  low volume isokinetic reâstance exercise. This is most likely a result o f 
enhanced stimulation o f contraction sensitive G LUT-4 transporters to the plasma 
membrane and may indicate fiber dependent and/or ranq> G LU T-4 recruitment process 
during resistance exercise. Further research is needed examining metabolic responses 
following resistance exercise when variables such as the duration o f exercise, mode o f 
reâstance exercise, active muscle mass, and type o f subjects used are manipulated.
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Subject Information and Consent Form
Human Performance Laboratory 
Dept, of Health and Human Performance 
The University of Montana
T itle : EfTects o f high intenâty /  low volume and low intensity /  high volume isokinetic
resistance exercise on post-exercise glucose tolerance
Investigators: Brent C Ruby, Ph.D., M cG ill Hall, 243-2117
Andrew D. M iller, M cG ill Hall, 243-5528 
James J. Laskin, Ph D  , Skaggs Building, 243-4757
Special Instructions to the Potential Subject:
•  This consent form may contain words that are unfamiliar to you. Please feel free to 
ask any questions about the following m aterial
Purpose:
•  You are being asked to participate in a research study examining glucose uptake 
following two difrbrent trials o f reâstance training.
•  You have been asked to volunteer because you have a minimum o f one year o f 
recreational resistance training eiqperience and because you have been engaged in a 
resistance training program for at least one month.
•  The purpose o f this study is to determine the effects o f high intensity /  low volume 
and low intensity /  high volume resistance exercise on post-exercise glucose 
tolerance.
Procedures:
•  I f  you agree to participate in this research study you wdl be involved in four testing 
situations (resting trial, a measure o f body composition and one-repetition maidmum 
test, high intensity /  low volume trial, low  intenâty /  high volume frial). One o f these 
sessions wdl take approximately 1 hour while the other three w ill take approximately 
3 hours. The muscle testing w ill be done using an isokinetic device which is a 
machine that allows you to control the speed o f movement over a range o f movement. 
Twelve subjects w ill be included in the study.
o Session I:  body composition and one-repetition maximum tests. The one- 
repetition maximum test w dl consist o f performing 1 set o f 6 to 8 repetitions 
and 2 sets o f 3 to 4 repetitions o f knee extension and flexion exercise at slow 
(1 rep/sec) and fast (2 reps/sec) speeds. Prior to the one-repetition maximum 
test, body weight in a bathing suit, height, and body coroposition wdl be 
measured. Body conposition wdl be measured using underwater weighing 
and the helium ddution technique. Underwater (hydrostatic) weighing 
consists o f total immersion in a warm tank (simdar to a hot tub) and holding 
ones’ breath for a bout 4 seconds after exhaling as much air as possible. Body
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Êit w ill be calculated from the results o f hydrostatic weighing. The helium  
dilution technique requires breathing 4 deep breaths in and out o f a bag 
containing oxygen and helium. There is no associated pain or discomfort w ith 
this technique. It  wiU take place in the afternoon and w ill last approximately 
one hour.
o Sesaon 2: resting tria l This tria l w ill be conducted after a 12-hour fest and 
consists o f subjects lying in the supine position following the ingestion o f a 
standard glucose drink o f about 0.75 L  to 1.2 L  o f 12% solution (25 to 41 oz.). 
Blood sampling w ill then occur for approximately 2 to 3 hours until blood 
glucose returns to baseline, 
o Session 3: h i^  intensity /  low  volume tria l This trial w ill also be conducted 
after a 12-hour &st and w ill consist o f performing 10 sets o f 5 repetitions o f 
knee extension and flexion exercise at a slow speed (1 rep/sec). It  wiU take 
approTdmately 40 minutes to complete the prescribed exercise. Inunediately 
after this trial, the same procedures w ill be followed as the resting tria l Total 
test time w ill be approximately 2 to 3 hours, 
o Session 4; low intensity /  high volume tria l This trial may be conducted 
before the high intensity /  low  volume trial where the order o f these two trials 
w ill be chosen randomly. It  w ill take approximately 40 minutes to complete 
the prescribed exercise. This w ill consist o f performing 5 sets o f 15 
repetitions o f knee extension and flexion exercise at a fast speed (2 reps/sec). 
Immediately after this trial, the same procedures w ill be followed as the 
resting tria l Total test time w ill be approximate]^ 2 to 3 hours.
•  Blood sampling w ill take place before and after the resting and exercise trials but w ill 
not take place during the one-repetition maximum test. An indwelling venous 
catheter (18 to 20 gauge needle 1.16" long) wdl be inserted into an arm vein for blood 
sampling and w ill remain in the arm for the duration o f the resting and exercise trials. 
D r. Brent Ruby, a trained phlebotomist, w ill insert the indwelling catheter. Samples 
o f 5 mL (about 1 tsp.) w ill be taken at rest and every 15 minutes post-exercise untd 
blood glucose returns to normal The total amount o f blood sampled for each trad 
wdl not exceed 70 mL (about 14 tsp ). The total amount taken over the course o f the 
entire study w ill not exceed 210 mL (about 42 tp  ). The blood samples wdl not be 
used for any other purpose in this study and any excess w ill be discarded.
Risks/Discomforts:
•  A ll physical activity is accompanied by minimal risk.
•  Mdd discomfort such as muscle soreness, cramping, or shortness o f breath may occur 
during or after each exercise tria l
•  You wdl be adced periodically during testing to report any unusual symptoms.
Unusual synptoms may include: undue shortness o f breath, 
chest^aw/arm/shoulder/upper back pain, dizziness, or any discomfort that differs 
from your normal exercise experience.
•  Blood sampUng can sometimes be associated w ith risks o f bruiàng (10% ), infection 
(less than 1%), and clotting problems (less than 1%). These risks wdl be minimized 
by use o f sterile procedures and trained technicians. Signs and symptoms o f infection 
at the catheter site include: redness, streaking, swelling, pain, and fever. I f  any o f
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these occur, you should contact Dr. Brent Ruby (243-2117 - office, 542-2513 - 
home). You w ill then be directed to seek medical care and the necessary treatment.
Benefits:
•  There is no immediate benefit for taking part in this research study. However, your 
partic^ation may aid health professionals (physicians, nurses, exercise physiologists, 
cardiac rehab specialists, personal trainers, etc.) in designing and prescribing a more 
beneficial exercise training intensity for patients with type I I  diabetes.
Confidentiality:
•  Your identity w ill be kept confidential
•  When the results o f this study are written in a scientific journal or presented at a 
scientific meeting, your name w ill not be used.
Compensation of Injury:
•  Although we believe that the risk o f taking part in this study in ininhnal, the 
following liability statement is required in all University o f Montana consent forms.
In the event that you are injured as a result o f  this research you should 
individually seek appropriate medical treatment. If the injury is caused by the 
negligence o f the University or any o f its employees, you may be entitled to 
reimbursement or compensation pursuant to the Comprehensive State Insurance Plan 
established by the event o f  a claim o f such injury, further information may be 
obtained from the University’s Claims representative or University Legal Counsel.
(Reviewed f y  the U n iversity Leg id  Counsel, J u ly  6, 1993)
Voluntary Participation/Withdrawal:
•  Your decision to participate in this research study is entirely voluntary.
•  You may withdraw from participation at any time.
•  You may be asked to discontinue participation in the study if  you fail to follow the 
instructions o f the study director or i f  the study director believes it is in the best 
interest o f your health and welfere.
Questions:
•  I f  you have any questions concerning this research study contact: Brent Ruby, Ph. D. 
(Office: 243-2117, Home: 542-2513) or Andrew M iller (Office: 243-5528, Home: 
549-8126) at the Univerrity o f Montana Department o f Health and Human 
Performance.
•  I f  you have any questions regarding your rights as a research subject, you may 
contact the Institutional Review Board through the Research Office at The University 
o f Montana at 406-243-6670.
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Subject Statement of Consent;
I  have read and understand the above description o f this research study. I  have been 
informed o f the risk and benefits involved, and all my questions have been answered to 
my satisfaction. Furthermore, I  have been assured that any future questions may be 
directed to a member o f the research team  I  voluntarily agree to participate in this study. 
I  understand I  w ill receive a copy o f this consent form
Name o f subject (print)
Subject signature Date
Signature o f witness Date
44
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
M edical and Resistance Train in g  H istory Form
1. Do you have any previous history, or do you currently have type I  or type I I  diabetes?
2. Have you currently been engaged in a resistance training program for at least one 
month? I f  so, please describe the program you are currently participating in (days/week, 
length o f session, etc.).
3. Approximately how many years o f reàstance training e>q)erience do you have?
4, Do you have any bleeding disorders that you are aware o^
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5 0  Fitness ond Heolth
Phy#ie#i AcWity 
Oovstioflruiiie • PAR-O PAR - Q  & YOU
(A  Q uestionnaire  to r People Aged 15 to  69)
Regular ptrysical activity Is tun and healthy, and increasingly more people are starting to trecome more active every day. Being more 
active IS very sate lor most people. However, some people should check with their doctor betore ttrey start becoming much more 
physically active.
If you are planning to become much more physically active than you are now. start by answering the seven questions in the box below. If 
you are between the ages ol 15 and 69. ttie PAR-Q will teli you il you should ctreck with your doctor before you start It you are over 69 years 
ol age. and you are not used to being very active, check with your doctor.
Common sense is your best guide when you answer these questions. Please read ttte questions carefully and answer each one Itonestly: 
check YES or NO.
Has your doctor ever said tlvat you have a heart corrdition aop that you should only do physical activity 
recommended by a doctor?
Do you feel pain in your chest when you do physicai activity?
In the past month, have you tiad ctiest pain when you were not doing physical activity?
O  6. Is your doctor currently prescribing drugs (lor example, water pkts) lor your blood pressure or heart condition? 
Do you know of any other reason wtiy you stroukJ not do physical activity?
YES NO
□ □ 1.
□ □ 2.
□ □ 3.
□ □ 4.
□ □ S.
□ □
□ □ 7.
If
you
answered
Y E S  to one or more questions
Talk with your doctor by phone or In person BEFORE you start becoming much more physically active or BEFORE you have a 
fttnass appraisal. Tell your doctor about the PARO and which questions you answered YES.
•  You may be able to do any scitvfiy you want— as long as you sum slowly and build up gradually. Or.youmayneedtoresbiei 
your acUvMies to ttrosa which are sate lor you. Talk with your doctor about the kinds ol acbvittes you with to parScipala in 
and follow his/her artviee.
• Ptnd out which community programs are sale and tielpfui lor you.
N O  to ail questions
H you answarsd NO honestly to all PAR-Q questions, you can be raasonably 
sure dial you can:
• start becoming much more ptryslcaity active begin siowty and bukd 
up grsrtually. This is the safest and easiest way to go.
• lake part In a fitness appraisal— this Is an excellent way to determine 
your basic ntneas so that you can plan die best way lor you to live 
actively. * ______ ____________________
DELAY BECOMINO MUCH MORE ACTttTE:
• If you are not feeling well because ol a temporary Unaaa such 
as a cold or a fever — wait untU you feel belter; or
• H you are or may be pregnant — talk to your doctor before you 
start becoming more acbve.
IrSnnnaa u m  or the PAim: The CanadenSooely 1er Exercise Physieltroy, Heelin Canada, and eiaWsgenar assume no MblWy lor persons who ixrderwkephysioalSGkvlly.wid 
S In douor aliet compreeng pas quesoonnsite. consuii your doctor pnor to phywcai eon#.
You are encouraged to copy ttte PAR-Q but only If you use ttte entire form
HOTB It the M R O  a  asStp pMrr ID a person PeSse he or erne psmopaies in a prewcal ecxMry pmgram or a eeisss arrprsissr, SXs eecMn may Pe used for Ispai or 
rra»vs purposes
I have read, underalood and rompleted this questionnaire. Any questions I tiad were answered to my full sadslaction.
SIGNATURE.
SIGNATURE OF PAR EN T___________________________
or GUARDIAN (for psrtsapams under the age of maforityl
VinTNESS.
e  (Canadian 5ocieiy lor Exoiase Ptiyiiology 
Soaélé canadienne de physiologio de rexsmce
Supported by; M ^ a  Health Sam*
0  T  #  Canada Canada
Figure 3.2 PAR-Q pre-exercise screening test.
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Data Sheets
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Exercise Trial Sheet
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Glucose and Insulin Sheet
Glucose
Time 2D1-CT 2Q2-CT 203CT a04CT 205CT 2D&CT 207-CT aofrcr 20OCT 210CT Means
0
15
30
45
Time aOI-UHV 2024JHV a034JHV 2044JHV 206-UHV 206-UHV 207-UHV aOB-UHV 209-UHV 2104JHV
0
15
30
45
Time 201-HILV 202-HILV 203-HILV a04-HILV 205-HILV aOS-HILV 2074flLV aOB-HLV 20&MLV 21W#LV
0
15
30
45
InsiJin
Time aoi-CT acc-CT 20»CT a04CT 20&CT 206-CT a07-CT 2D&CT 20OCT 210CT Means
0
15
30
45
Time 201-UHV a02-UHV 20S-UHV aow jHv 2054JHV 2064JHV 2Q7-UHV 206-UHV 20O4JHV 2104JHV
0
15
30
45
Time aoi-HLV 2O04#LV a03-MLV 2D444LV a06-HILV 2D6-MLV aor-HiLV 206-HILV 20W#LV 210MLV
0
15
30
45
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Appendix IQ : 
Statistical Results
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Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 9 19.305 2.145
trial 1 13.795 13.795 14.179 .0044 .0044 .0044
trial *  Subject 9 8.756 .973
TIME 3 51.476 17.159 24.965 .0001 .0001 .0001
TIME •  Subject 27 18.557 .687
trial *  TIME 3 4.468 1.489 3.612 .0259 .0506 .0369
trial * TIME * Subject 27 11.132 .412
Dependent: GLUCOSE
8.5 -I LIHV
HILV
ui 7.5 -
I
d
"5 6.5 -
V*
I
u  5.5 -
4.5
PRE 15 30 45
TIME
Comparison 1 
Effect: trial *  TIME 
Dependent: GLUCOSE
Cell Woght
Comparison 2 
Effect: trial *  TIME 
Dependent: GLUCOSE
Comparison 3 
Effect: trial * TIME 
Dependent: GLUCOSE
LIHV, PRE 1.000 Cell Weight Cell Weight
UHV, 1 S -1 .000 LIHV, PRE 1.000 LIHV, PRE 1.000
LIHV, 30 -1 .000 UHV, 45 -1 .000
Sum of Squares 14.146 df 1 df 1
Mean Square 14.146 Sum of Squares 31.150 Sum of Squares 8.295
F-Value 34.308 Mean Square 31.150 Mean Square 8.295
P-Value .0001 F-Value 75.550 F-Value 20.118
G-G .0001 P-Value .0001 P-Value .0001
H-F .0001 G-G .0001 G-G .0011
H-F .0001 H-F .0004
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Comparison 4  
Effect: trial *  TIME 
Dependent: GLUCOSE
Cell Weight
Comparison S 
Effect: trial *  TIME 
Dependent: GLUCOSE
Cell Weight
Comparison 6 
Effect: trial *  TIME 
Dependent: GLUCOSE
Cell Weight
HILV, PRE 1.000 HILV, PRE 1.000 HILV, PRE 1.000
HILV, 1 S -1 .000 HILV. 30 -1 .000 HILV, 45 -1 .000
df 1 df 1 df 1
Sum of Squares 16.671 Sum of Squares 12.832 Sum of Squares 1.004
Mean Square 16.671 Mean Square 12.832 Mean Square 1.004
F-Value 40.434 F-Value 31.122 F-Value 2.434
P-Value .0001 P-Value .0001 P-Value .1304
G-G .0001 G-G .0002 G-G .1394
H-F .0001 H-F .0001 H-F .1360
Comparison 
Effect: trial
7
*  TIME Comparison 8
Dependent:
UHV, PRE 
HILV, PRE
GLUCOSE 
Cell Weight
df 1
Sum of Squares .937  
Mean Square .937  
F-Value 2.274  
P-Value .1432 
G-G .1498 
H-F .1477
Effect: trial *  TIME 
Dependent: GLUCOSE
1.000
Cell Weight
UHV, 1 S 1.000-1 .000
HILV, 1 S -1 .000
df 1
Sum of Squares .418  
Mean Square .418 
F-Value 1.013 
P-Value .3232  
6 -6  .2869  
H-F .3063
Comparison 9 
Effect: trial *  TIME 
Dependent: GLUCOSE
Cell Weight
Comparison 10  
Effect: tria l *  TIME 
Dependent: GLUCOSE
Cell Weight
UHV, 30 1.000 UHV. 45 1.000
HILV, 30 -1 .000 HILV, 45 -1 .000
df 1 df 1
Sum of Squares 8.805 Sum of Squares 8.103
Mean Square 8.805 Mean Square 8.103
F-Value 21.354 F-Value 19.652
P-Value .0001 P-Value .0001
G-G .0009 G-G .0012
H-F .0003 H-F .0004
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Type III Sums o f Squares
Source df Sum of Squares Mean Square F-Value P-Value G-G H-F
Subject 9 68549.999 9838.889
trial 1 7318.373 7318.373 2.483 .1495 .1495 .1495
trial * Subject 9 26527.591 2947.510
TIME 3 51291.212 17097.071 13.804 .0001 .0012 .0007
TIME * Subject 27 33441.321 1238.567
trial *  TIME 3 9907.411 3302.470 4.841 .0080 .0344 .0276
trial *  TIME *  Subject 27 18419.030 682.186
Dependent: INSULIN
Count Mean Std. Dev. Std. Error
LIHV, PRE 
LIHV, 15 
UHV, 30 
UHV, 45 
HILV. PRE 
HILV, 1 5 
HILV, 30 
HILV, 45
10 20.019 11.124 3.518
10 57.507 38.190 12.077
10 103.395 84.581 26.747
10 102.023 61.970 19.597
10 21.759 15.323 4.846
10 60.685 38.412 12.147
10 70.303 48.559 15.356
10 53.681 43.634 13.798
140 
120 H 
5  100 
I 80
E
5
60 - 
40 - 
20
O UHV
■  HILV
PRE 15
— I—
30
— I—
45
TIME
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Comparison 1 
Effect: tria l *  TIME 
Dependent: INSULIN
Cell Weight
Comparison 2 
Effect: trial * TIME 
Dependent: INSULIN
Cell Weight
LIHV, PRE 1.000 LIHV, PRE 1.000
UHV, 1 5 -1 .000 UHV, 30 -1 .000
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
7026.751
7026.751 
10.300 
.0034  
.0162  
.0129
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
34757.787
34757.787  
50.951 
.0001 
.0001 
.0001
Comparison 4  
Effect: trial *  TIME 
Dependent: INSULIN
Cell Weight
Comparison S 
Effect: tria l *  TIME 
Dependent: INSULIN
Cell Weight
Comparison 3 
Effect: trial *  TIME 
Dependent: INSULIN
Cell Weight
LIHV, PRE 
LIHV, 45
1.000
- 1.000
df 1
Sum of Squares 33623.280  
Mean Square 33623.280  
F-Value 49.288  
P-Value .0001 
ts-G .0001 
H-F .0001
Comparison 6 
Effect: trial *  TIME 
Dependent: INSULIN
Cell Weight
HILV, PRE 1.000 HILV, PRE 1.000 HILV, PRE 1.000
HILV, 15 -1 .000 HILV, 30 -1.000 HILV, 45 -1 .000
df 1
Sum of Squares 7576.167  
Mean Square 7576-167  
F-Value 11.106  
P-Value .0025 
G-G .0136  
H-F .0106
df 1
Sum of Squares 11782.600 
Mean Square 11782.600 
F-Value 17.272 
P-Value .0003 
G-G .0042 
H-F .0029
df 1
Sum of Squares 5095.070  
Mean Square 5095.070  
F-Value 7.469  
P-Value .0109  
G-G .0312  
H-F .0268
Comparison 7 
Effect: trial *  TIME 
Dependent: INSULIN
Cell Weight
UHV, PRE 
HILV, PRE
1.000
- 1.000
Comparison 8 
Effect: trial *  TIME 
Dependent: INSULIN
Comparison 9 
Effect: trial * TIME 
Dependent: INSULIN
Cell Weight Cell Weight
UHV, 1 5 
HILV, 15
1.000
- 1.000
UHV, 30 
HILV, 30
1.000
- 1.000
df 1
df 1 df 1Sum of Squares 15.138
Mean Square 15.138 Sum of Squares 50.498 Sum of Squares 5475.402
F-Vaiue .022 Mean Square 50.498 Mean Square 5475.402
P-Value .8827 F-Value .074 F-Value 8.026
G-G .7001 P-Value .7876 P-Value .0086
H-F .7408 G-G .5971 G-G .0272
H-F .6361 H-F .0230
Comparison 10  
Effect: trial *  TIME 
Dependent: INSULIN
Cell Weight
LIHV, 45 
HILV, 45
1.000
- 1.000
df
Sum of Squares 
Mean Square 
F-Value 
P-Value 
G-G 
H-F
1
11684.74
11684.74  
17.128 
.0003 
.0044 
.0029
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Appendix IV:
Manuscript prepared for the Journal o f Applied Physiology
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Abstract
The purpose o f this study was to detemrine the effects o f high intensity/low volume 
(H IL V ) and low intm sity/higji volume (L IH V ) isokinetic resistance exercise on post­
exercise glucose tolerance. Subjects (n =  10) performed two separate isokinetic 
resistance exercise trials (H IL V  and L IH V ) o f reciprocal concentric knee flexion and 
knee extension in a fasted state. Each bout was followed by a 45-min oral glucose 
(1.8g kg FFM  *) tolerance test (O G TT), Blood sanq)les were obtained every 15 min to  
determine glucose and insulin concentrations. There was no difference in total work (J) 
between the two trials (p =  .229). Blood glucose was significantly h i^ e r at all time 
points conq)ared to time 0 following the L IH V  trial (p < 0.05). Following the H IL V  trial, 
blood glucose was significantly elevated at 15 and 30 min (p < 0.05) but returned to 
resting values by 45 min. Insulin concentration was significantly elevated following both 
trials at all time points (p < 0.05). Blood glucose and insulin were significantly h i^ e r  
following the L IH V  at 30 and 45 min conq>ared to the HDLV trial (p < 0.05). These 
results demonstrate that although the total work output was àmilar across trials, h i^  
intensity muscle contraction is associated with an enhanced normalization o f glucose 
homeostasis following a large post-exercise oral glucose feed.
Key Words
Resistance exercise. Glucose tolerance. Insulin, G LU T-4
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Introductioii
The physiological benefits o f resistance training include inq)rovements in muscular 
strength (5 , 16, 20, 25, 31, 32, 42), bone mineral density (42), blood lipid profiles (24, 
25), and fat firee mass (FFM ) (32). Resistance training has also been shown to maintain 
FFM  during caloric restriction (14, 36), inç)rove endurance performance (31), and 
glycémie control (16,17, 24, 32).
Several studies have demonstrated increased glucose uptake and subsequent muscle 
glycogen resynthesis following resistance exercise (33, 37, 38). Roy et al. (38) stated that 
the increased muscle glycogen resynthesis was most likely a result o f increased G LUT-4 
translocation. Therefore, it is possible that resistance exercise may in^rove glycémie 
control in patients with insulin resistance. The pathology behind type I I  diabetes involves 
both peripheral insulin resistance and a decreased insulin secretion thus resulting iu 
hyperglycemia. Eriksson et aL (17) and Honkola et aL (24) demonstrated improvements 
in long-term glycémie control (glycosylated hemoglobin) following a circuit resistance 
training program in type I I  diabetics. Similarly, Durak et aL (16) showed mq)rovements 
in glycémie control in type I  diabetics following a resistance training program. Other 
authors have noted a reduction in the plasma insulin réponse to an oral glucose load 
following the completion o f a resistance training program (25, 32). These data suggest 
that the normal adaptations to resistance exercise may include an improved gl̂ cemic 
control in clinical populations with insulin resistance. However, the effects o f contractile 
intensity during resistance exercise on glycémie control have not been addressed.
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Three review papers by Barnard and Youngren (6 ), Borghouts and Keizer (10), and 
Hayashi et aL (23) suggest that the process o f muscle contraction results in G LUT-4 
translocation to the plasma membrane and transverse tubules independent o f insulin 
release or binding. It  is evident that contraction-induced glucose transport is 
proportionate to the magnitude o f G LUT-4 translocation (39). Other studies using rats 
have demonstrated similar findings (13, 22, 34). In contrast, a single bout o f eccentric 
exercise is associated with a decrease in G LUT-4 content (2, 3, 4). It  has also been 
suggested that two distinct intracellular locations o f glucose transporters exist, one that 
responds to exercise and one that responds to insulin (13, 18, 28, 43). Therefore, the 
stimulation o f G LU T-4 translocation firom both pools may induce a maximal effect on 
glucose uptake and the subsequent rates o f glycogen resynthesis.
Several studies have investigated post-exercise glucose uptake immediately following 
continuous endurance exercise (7, 8, 9, 26, 27, 29, 30, 35, 45). Furthermore, studies by 
Bonen et aL (11), Braun et al. (12), and Young et al. (44) compared the effects o f exercise 
intensity on glucose uptake. A ll three o f the studies found no difference in blood glucose 
and insulin responses between high and low intensity cardiovascular exercise. In  
contrast, few studies have examined glucose uptake following resistance exercise (33, 37, 
38) whereas to our knowledge, none have investigated the effect o f resistance exercise 
intensity on post-exercise glycémie controL Therefore, the purpose o f this study was to 
determine the effects o f high intensity/low volume (H IL V ) and low intensity/high volume 
(L IH V ) isokinetic resistance exercise on post-exercise glucose tolerance. We 
hypotheazed that, when total work was held constant, higher intensity contractile force
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would result in a more rapid normalization o f blood glucose and insulin following a post­
exercise oral feeding o f carbohydrate.
Methods
Subjects
A  total o f 10 coUege-aged males served as subjects for the study. Each subject had at 
least one year o f recreational resistance training experience and had curraitly been 
involved in a resistance-training program for a minimum o f one month. Questionnaires 
regarding subjects’ previous resistance training experience, medical history, and physical 
activity levels were assessed before testing commenced. Prior to particq>ation, each 
subject completed a University IRB-approved informed consent form
Descriptive Data
Descnptive data including height, weight, age, body composition, and previous resistance 
training experience were collected. Height (cm) was determined using a conventional 
stadiometer. Weight was measured with a calibrated digital scale (Toledo Model 8139, 
Worthington, O H). Body conposhion, fat mass (F M ), and fet free mass (FFM ) was 
assessed by hydrodensitometry at residual lung volume. Subjects performed repeated 
underwater weight trials until three values within 100 grams were obtained. Residual 
lung volume was calculated using a Helium dilution technique outside o f the hydrostatic 
weighing tank in a seated position. Subjects performed at least three trials where the two 
closest values within 250 mL were averaged. Body density was converted to percent 
body fat using the Siri equation (40).
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Exercise Testing
AU muscle testing was performed using the Kinetic Communicator (K IN -C O M  Model 
#125AP, Chattecx Corp. Chattanooga, T N ), a conq»uter controUed isokinetic 
dynamometer. Each subject participated in a session to determine Average Peak Force 
(Newtons (N )) during isokinetic movements at speeds o f 60® and 180®/sec through a 
range o f 80® (knee extension through flexion). Prior to testing, subjects were aUowed to 
warm up on a cycle ergometer at a self-selected pace for approamately 5 min.
Goniometry was used to acquire the desired range o f motion. Subjects performed the 
Average Peak Force test first at 60®/sec then at 180®/sec. On both extremities, subjects 
performed 2 sets o f 5 and 1 set o f 3 repetitions: one set at approximately 50% o f maximal 
effort, one set at approximately 75%  o f maximal effort, and the final set at 100% o f 
maximal effort. Subjects were aUowed fiiU recovery between sets. For the speeds o f 
60®/sec and 180®/sec, the Average Peak Force (N ) o f 3 repetitions for leg extension and 
flexion o f the final set was used as the Average Peak Force for both leg extension and 
flexion. For data analysis the absolute Average Peak Force for each subject was 
converted into a relative value by dividing the Average Peak Force by their FFM .
Each subject participated in two isokinetic reâstance exercise trials. The high 
intensity/low volume exercise trial (H IL V ) consisted o f subjects performing 10 sets o f 5 
repetitions o f reciprocal concentric knee extension /  knee flexion exercise. Prior to the 
trial, subjects were aUowed to warm up on a cycle ergometer at a self-selected pace for 
approximately 5 min. One repetition was considered a fuU concentric extension and 
concentric flexion o f the knee joint within a range o f 80®. Speed o f the motion was set at
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60®/sec with 2-min rest intervals between sets. Subjects completed 5 sets on each 
extremity in an ahemating manner until 10 sets was reached, i^proxim ately 4-5 min 
was permitted when alternating extremities. Selection o f the extremity to perform the 
exercise first was done randomly. Total work in joules (J) was provided by the K IN - 
CO M  after completion o f each set and the sum was calculated manually to quantify total 
work (J) for the entire session. In addition, the Mean Peak Force fi'om each set was 
averaged to deterimne the Mean Peak Force for the entire session for knee extenâon and 
flexion on both extremities. For data analysis the absolute Mean Peak Force for each 
subject was converted into a relative value by dividing the Mean Peak Force by their 
FFM .
The low intensity/high volume exercise tria l (L IH V ) included identical components as 
the HBLV tria l w ith the following exceptions. Subjects performed 4 sets o f 15 concentric 
knee extension /  knee flexion exercise. Speed o f the motion was set at 180®/sec with 2- 
mm rest intervals between sets and 4 to 5 min when alternating extremities.
Order o f  the trials
The H IL V  and L IH V  trials were conducted at least 4 days apart in random order. 
Subjects were asked to refrain fi'om strenuous exercise 24 hours prior to the two trials. 
The total work firom either the H IL V  or L IH V  trial, whichever was performed first, was 
used as a stopping point for the following trial to be completed. This was done to 
normalize the total work between trials.
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Oral Glucœe Tolerance Test's (OGTT)
Prior to each trial, subjects reported to the lab following a 12-hour fest. An indwelling 
venous catheter was then inserted into an antecubital vein and kept patent using a 
continuous saline drç. The time =  0 sangle was collected upon insertion o f the 
indwelling line. Each subject was then transported to the Outpatient Physical Therapy 
Clinic at St. Patrick’s Hospital and Health Sciences Center to con^lete one o f the two 
exercise trials in random order. Immediately post-exercise, a blood sample was taken 
followed by consultation o f the dextrose drink. Once the drink was finished, the time for 
the O G TT was started. Subjects conq>leted the OG TT (l.S gkg  FFM"^, 20% dextrose 
drink) immediately following both the H IL V  and L IH V  exercise trials, lasting 45 
minutes.
Blood Sampling
Blood sanq>les (~5 m L) were collected every 15 min in untreated test tubes and allowed 
to clot for 15 min at room ten^erature. Sanq)les were spun at approximately 4000 rpm at 
4®C for 15 min after which the plasma was separated firom the whole blood. Samples 
were stored at -30°C  until subsequent analysis.
63
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Metabolite assays
Blood glucose concentration was determined in duplicate using a spectrophotometric 
technique using a conamercially available kit (Procedure U V -47, Sigma Diagnostics, St. 
Louis, M O ). Blood insulin was determmed m duplicate using a solid phase two-site 
enzyme immunoassay (D R G  Insuhn ELISA , DRG International, Inc., USA).
Statistical analyses
AU descriptive data for subjects is presented m terms o f mean ±  SO. A  Bland Altman 
Plot and paired sanq>les t-test was used to compare total work (J) between the HDLV and 
L IH V  trials. A  paired samples t-test o f means was used to compare Average Peak Force 
(N /FFM  (kg)) and Mean Peak Force (N /FFM  (kg)). A  repeated measures 2 x 4  design 
A N O VA  was used to examine dififerences across time (0, 15, 30, and 45 min post­
exercise) and trial (HDLV and L IH V ). A ll data analyses were conducted using Microsoft 
Excel and the SuperAnova statistical package (Abacus Inc, Berkeley, CA). The level o f 
significance was set at an alpha level o f 0.05.
Results
Descriptive statistics including age (years), height (cm ), weight (kg), percent body fat, fet 
free mass (kg), f it  mass (kg) and g o f carbohydrate (C H O ) consumed for the subjects 
used in the study are provided in Table 1. Average Peak Force (N /FFM  (kg)) and Mean 
Peak Force (N /FFM  (kg )) are provided in Table 2. For both Average Peak Force and 
Mean Peak Force no significant difference was found between the left and right sides, 
therefore the data was collapsed and is reported by muscle group only. For the Average
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Peak Force test, significant differ^ces were found between the two intensities (60 
deg/sec and 180 deg/sec) for the knee extensors and knee flexors (p < 0,05). Significant 
difierences were found for Mean Peak Force between the L IH V  and H IL V  trials for knee 
extension, but not for flexion o f either extremity (p <  0.05).
The total work (J) conq>leted for the L IH V  and HDLV trials is provided in Table 3. Total 
work for the L IH V  and H IL V  trials was 25784.3 ±  4320.6 J and 25882.1 ±  4439.4 J 
respectively. The difference in total work between the two trials was not significant (p =  
0.229). Figure 3 is a Bland Altman Plot showing the difference in total work versus the 
average total work for both trials. 90% o f subjects had less than 1% difference in total 
work between the L IH V  and H IL V  trials. The remaining 10% had less than 3%  
diflference between trials.
Figures 1 and 2 demonstrate the blood glucose and insulin responses respectively for the 
time points 0, 15, 30, and 45 min post-exercise. A  significant rime x trial interaction was 
found for both blood glucose (p =  .03) and insulin (p =  .01). Blood glucose was 
significantly higher firom time =  0 at all time points during the L IH V  trial (p < 0.05). 
During the HDLV trial, blood glucose was significantly elevated fi'om time =  0 at 15 and 
30 min (p <  0.05) but returned to resting values by 45 min. Insulin concentration was 
significantly elevated fi'om time =  0 min at all time points for both trials (p < 0.05).
Blood ^ c o s e  and insulin were significant^ higher during the L IH V  at time =  30 and 45 
min compared to the H IL V  trial (p < 0.05).
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Discussion
The purpose o f this investigation was to determine the ejffects o f high and low  intensity 
redstance exercise on post-exercise glucose tolerance wiien the total muscle work was 
kept constant. Results o f the study demonstrate an enhanced normalization o f blood 
glucose and insulin following the HBLV trial. This is o f significance considering the 
similarity in total work between trials (see Figure 3). The HTLV trial was designed to 
mirror the common prescription for the development o f muscular strength including less 
than 6 repetitions per set performed at a slower speed.
The only previous research examining the effects o f exercise intensity on glucose 
tolerance and insulin responses has used an endurance exercise protocol (11, 12, 44).
One study found no differences between intensities in glucose and insulin areas under the 
curve both immediately after exercise and 24-hours post-exercise (11). A  possible 
lim itation to this study is that the authors had subjects exercise at intensities o f 60 and 
83% o f age-adjusted HRmax for the low and high intensity exercise trials. The variance 
associated w ith prescribing cardiovascular exercise from heart rates is conriderable (1 
S.D. =  10-12 b/min) (1 ). In addition, the high intenrity session was performed one week 
prior to the low intensity session thus posribly causing a residual effect o f the previous 
exercise session.
A  study by Young et aL (44) used trained and non-trained subjects and found no 
differences in plasma gjucose and insulin responses to an oral glucose load 14 hours post- 
exercise at intenrities o f 40 and 80% o f However, after a single bout o f exercise,
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the non-trained subjects had con^arable insulin responses to the trained subjects. Braun 
et aL (12) had women with non-insulin-dependent diabetes mellitus (N ID D M ) exercise at 
50 and 75% ofVOzm» and adjusted the duration o f exercise so that energy expenditure 
was equal in both exercise conditions. No differences were found when conqparing 
plasma glucose and insulin responses to a test meal (50%  carbohydrate, 20% protein, and 
30%  fet) 90 min post-exercise.
It  has been demonstrated that exercise/muscle contraction mediated glucose tran^ort is 
proportionate to the magnitude o f G LU T-4 translocation to the plasma membrane. Some 
studies have shown that insulin plus contraction increases glucose uptake above that o f 
insulin or contraction alone (13, 22, 34) whereas others have not (15, 21). However, 
Constable et aL (15) used a nonphysiological high insulin concentration (20,000 pU/m l 
for 60 min) to elucidate the actions o f insuhn. The mechanism by which muscle 
contraction may activate glucose transport appears to involve the initiation o f a 
contraction âgnaL Possible reasons for this initiation could include: release o f calcium, 
activation o f AMP-activated protein kinase, and nitric oxide activity (23, 39). An 
explanation for the hiq>roved glucose tolerance and insulin req>onse following the HDLV 
trial could be the magnitude o f muscle contraction involved. During the H IL V  exercise 
tria l the subjects were working their knee extensors at an intensity that was sigmficantly 
greater than during the L IH V  exercise triaL Interestingly, there was no significant 
difference in the work intensity o f the knee flexors between the H IL V  and L IH V  exercise 
trials (see Table 2), Thus, the magnitude o f contraction o f the knee extensors that 
occurred may result in a greater G LU T-4 translocation and subsequent glucose transport.
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These data indicate that the intensity o f contraction is more influential on glucose 
normalization in couyarison to the total muscle work. In addition, a posâble link may 
exist between fast glycolytic fibers and subsequent G LUT-4 translocation. Thus, the 
inq>rovement in glucose homeostasis shown may be a result o f higher intensity 
contractile force and/or increased fast glycolytic fiber recruitment.
A  possible limitation to the study may have been the duration o f exercise and rest for 
each tria l Total exercise and rest time for the H IL V  trial was 3.8 ± 0 .8  and 46.0 ±  7.9 
min respectively where total exercise and rest time for the L IH V  trial was 2.1 ±  0.4 and 
22.8 ±  4.4 min respectively. The difference between the two trials was due to a higher 
number o f sets and rest periods associated with the H IL V  tria l
The study may have implications towards individuals with insulin resistance or 
deficiency such as is the case w ith Type I I  diabetes. Resistance exercise has already been 
shown to improve the metabolic profile through either inq>roved glucose tolerance and/or 
insulin response in people with Type I  (16) or Type I I  diabetes (17, 19, 24, 41). These 
results demonstrate both inq)roved glucose tolerance and insulin response following a 
resistance exercise bout similar to the standard for strength development. Therefore, the 
benefits o f higher intensity and lower volume exercise should receive further attention. 
The effects o f &st glycolytic fiber recruitment strategies should also be investigated in 
terms o f the potential to maximize G LU T-4 translocation. In  addition, the link between 
total fiber recruitment and/or fiber type recruitment and G LUT-4 translocation diould be 
addressed. Interestingly, these results conflict w ith the guidelines set by the American
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College o f Sports Medicme, W iich recommends performing resistance exercise in the 
range o f 8 to 12 repetitions (1 ). Furthermore, these data suggest that decisions regarding 
the amount o f post-exercise carbohydrate supplement are dependent on the nature o f the 
resistance exercise bout (high vs. low intenâty) during strength training.
In  conclusion, to our knowledge this is the first study to examine blood glucose and 
insulin levels following two different resistance exercise trials wfien the total work 
between the two trials was kept constant. The results demonstrate a more rapid blood 
glucose normalization in addition to a blunted insulin response following a bout o f high 
intensity /  low  volume isokinetic resistance exercise. This is most likely a result o f 
enhanced stimulation o f contraction sensitive G LUT-4 transporters to the plasma 
membrane and may indicate fiber dependent and/or ramp G LUT-4 recruitment process 
during resistance exercise. Further research is needed examining metabolic responses 
following resistance exercise when variables such as the duration o f exercise, mode o f 
reastance exercise, active muscle mass, and type o f subjects used are manipulated.
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Table 1. Physical characteristics of subjects.
Age (years) 21.5 ±  2.0
Height (can) 179.9 ±  7.7
Weight (kg) 13.6 ±  6.3
Body fat % 15.2 ± 5 . 0
FF M (kg ) 72.5 ± 8 . 1
F M (kg ) 13.6 ± 6 . 3
g CHO consumed 130.5 ±  14.5
Data expressed as means ±  S.D. FFM , fat free mass; FM , frt mass.
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Table 2. Comparisons of Average Peak Force (N/FFM (kg)) and Mean Peak Force 
(N/FFM (kg)) between LIHV (180 deg/sec) and MJULV (60 deg/sec) trials on the KIN 
COM dynamometer.
Average Peak Force LIHV HELV
Knee Extensors
Knee Flexors
Mean Peak Force
Knee Extensors
Knee Flexors
7.70 ±  1.04
4.72 ±  0.78
10.04 ±  1.21*
5.05 ±  0.60*
L IH V
6.00 ±  0.64
5.27 ±  0.76
HTLV
9.24 ±  1.41*
5.52 ±  0.89
Data expressed as means ±  S.D. * Significantly different between intensities p < 0.05.
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Ta We 3. Total Work (J) between LIHV (180 deg/sec) and HILV 60 deg/sec) trials.
LIHV HILV
Right Leg 12868.7 ±  2427.4 12911.1 ±  2443.9
Left Leg 12915.7 ±  1954.8 12971.0 ±  2061.8
Total 25784.3 ±  4320.6 25882.1 ±  4439.4
Data expressed as means ±  S.D. *  Significantly diSerent between intensities p < 0.05.
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Figure Legend
Figure 1. Plasma glucose responses (mmol) during an OG TT following the H IL V
and L IH V  exercise trails. Time =  0 was started immediately post-exercise 
after consumgption o f standard glucose drink. Data expressed as mean ±  
aandard error. ^Significantly difierent fi'om time =  0 for H IL V  trial, p <  
0.05. ’’Significantly différent fi'om time =  0 for L IH V  tria l, p < 0.05. 
^Significantly different from L IH V  trial, p < 0.05,
Figure 2. Plasma insulin responses (p lU /m l) during an O G TT following the H IL V
and L IH V  exercise trails. Time =  0 was started immediately post-exercise 
after consumption o f standard glucose drink. Data expressed as mean ±  
standard error. ^Significantly different fi'om time =  0 for HELV trial, p <  
0.05. ’’Significantly different from time =  0 for L IH V  tria l, p < 0.05. 
^Significantly different fi'om L IH V  trial, p < 0.05.
Figure 3. A  Bland Altman Plot lo w in g  the Difference in total w ork (J) vs.
Average total work (J). p =  .229.
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